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Strasser, 2008), the liposome reconsti-
tution system developed by Lovell et al. 
(2008) represents a powerful biochemical 
means to investigate the dynamic behav-
ior of Bcl-2 proteins in intact membranes. 
In the cell, multiple members of the three 
Bcl-2 subgroups are typically expressed. 
Unlike Bcl-xL and Bax, several of these 
(Bcl-2, Mcl-1, and Bak) are constitutively 
tethered to the mitochondrial outer mem-
brane via their transmembrane segments 
prior to activation. The similarities and dif-
ferences of the interactions between dif-
ferent Bcl-2 binding partners at the mem-
brane, and their influence on membrane 
permeabilization, can now be explored.
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In this issue, Wilson et al. (2008) demonstrate that there are two functional subsets of hematopoi-
etic stem cells that have distinctive kinetics of cell cycling. They present evidence that cells may 
transition between the two kinetic states, establishing one subpopulation that is ready to proliferate 
and another that is a deeply quiescent reserve.The study of hematopoiesis has been 
remarkably fruitful for uncovering basic 
principles of tissue organization including 
lineage hierarchy and in understanding 
how organismal outcomes are affected 
by the responses of specific cell types. 
An example is host defense, where the 
blood is remarkably nimble at shifting 
its production of cells into high gear 
when challenged with infection or bleed-
ing. Although hematopoietic stem cells 
(HSCs) ultimately make this response 
possible, the majority of cell production 
occurs in a more mature population, the 
progenitor cells. However, these cells 
have little capacity for self-renewal and 
are therefore rightly designated transient 
amplifying cells. Consequently, the stem 1006 Cell 135, December 12, 2008 ©2008 Elcell must be feeding cells into the self-
depleting progenitor pool on an ongoing 
basis, which would require some degree 
of HSC proliferation. Yet, if the stem cell 
pool is mitotically active, even if at a rate 
far below that of the transient amplifying 
pool, the cells would likely be suscep-
tible to genotoxic injury and subsequent 
apoptosis. If so, HSCs might fail to pre-
serve the regenerative pool necessary to 
overcome a hematopoietic crisis created 
by prolonged genotoxic stress. It has 
been unclear how a single population 
of stem cells reconciles these two com-
peting duties, that is, supplying transit-
amplifying cells while maintaining a 
deep reserve of stem cells for long-term 
repopulation. As a potential resolution sevier Inc.to this conundrum, new findings by Wil-
son et al. (2008) suggest that stem cells, 
even within a given tissue, may represent 
a spectrum of cells with heterogeneous 
capabilities.
Although murine HSCs do have a lower 
rate of cell cycling compared to progeni-
tor pools, it has been shown that their cell 
cycling frequency is surprisingly rapid, 
with 6%–8% of HSCs entering cycle daily 
(Cheshier et al., 1999; Kiel et al., 2007). 
In addition, recent efforts have defined 
mammalian intestinal and hair follicle cell 
pools with convincing stem cell features 
that are actively cycling (Barker et al., 
2007; Jaks et al., 2007). Small intestinal 
stem cells are estimated to turn over 
daily, for example (Barker et al., 2007). 
figure 1. Proliferation Kinetics of Murine Hematopoietic stem cells
(A) Prior models suggested that hematopoietic stem cells (HSCs) are dividing regularly in an asynchro-
nous manner to sustain steady-state hematopoiesis (left panel) with an increase in proliferation upon 
hematopoietic stress (right panel) (Cheshier et al., 1999; Kiel et al., 2007; Morrison et al., 1997).
(B) Data from Wilson et al. (2008) now suggest that HSCs may be heterogenous, with a more dormant pop-
ulation having greater reconstituting potential and a more actively cycling population thought to contribute 
more readily to steady-state hematopoiesis (left panel). Under stress (right panel), the dormant population 
can transition to an active state. Thereafter, the dormant population is restored (Wilson et al., 2008).The canon that dormancy equals stem 
cell preservation is therefore seriously 
challenged. Certainly, other metazo-
ans, such as the world-class regenera-
tor planaria Schmidtea mediterranea, 
appear to have stem cells that are very 
actively cycling (Newmark and Sanchez 
Alvarado, 2000). Yet, active cycling may 
enhance a cell’s vulnerability, particularly 
in long-lived organisms, and therefore 
represents a problem to overcome. Pos-
sible solutions to this problem include 
the existence of stem cells with unique 
resistance to genotoxic stress or, alter-
natively, maintenance of two populations 
of stem cells, one a deep sleeper. The 
data from Wilson and colleagues provide 
support for the latter possibility.
Prior studies of HSCs have used the 
pyrimidine analog, bromodeoxyuridine 
(BrdU), to label cells actively synthesiz-
ing nucleic acid polymers, a standard 
method of tagging cells actively in cell 
cycle. The rate of decay of the labeled 
cells after the BrdU “pulse” might reflect 
cell division or could be attributable to 
cell loss. On the basis of labeling effi-
ciency with the pulse and label loss in the chase portion of the experiment, the 
flux of cells into cycle and their move-
ment beyond a single cell division could 
be estimated. Assumptions that affect 
the calculation are whether or not the 
label perturbs cell kinetics and whether 
the cells are of relatively uniform func-
tion. An additional variable that newly 
synthesized DNA strands do not uni-
formly segregate with one daughter 
cell had been previously experimentally 
addressed and shown to be true (Kiel 
et al., 2007). With those assumptions 
in place, the estimated turnover time of 
HSCs was unexpectedly high (17.8 days), 
with 6%–8% of HSCs entering the cell 
cycle each day, without evidence for the 
existence of a dormant HSC population 
(Cheshier et al., 1999; Kiel et al., 2007) 
(Figure 1A). However, neither assumption 
may be valid.
Wilson et al. found that the presence 
of BrdU, like some other pyrimidine ana-
logs, induces cells to cycle, presumably 
through low levels of toxicity. The esti-
mates of BrdU uptake are therefore not 
necessarily those of basal level entry 
into cell cycle, but rather reflect cellular Cell 135, Deresponse to injury. The uptake rate alone 
may therefore lead to artificially high 
estimates of cell cycling. Further, by fol-
lowing the decay in BrdU for prolonged 
intervals after a pulse labeling, Wilson 
et al. observed that more than 20% of 
HSCs retained label after 70–200 days 
and 5% after 306 days. Markov-based 
computational modeling was most con-
sistent with the existence of two HSC 
populations within the highly strin-
gently defined (Lineage-Sca+ckit+ [LSK] 
CD150+CD48−CD34−) HSC population 
with distinct division kinetics: a dormant 
subset (d-HSC) dividing every 145 days 
(five times per lifetime of C57/Bl6 mice) 
and an activated population (a-HSC) 
dividing about every 36 days. These 
kinetics were experimentally validated in 
a genetic model in which a tetracycline-
responsive fusion protein Histone2B-
green fluorescent protein (H2B-GFP) was 
used to pulse label hematopoietic stem 
and progenitor cells. Histone2B is syn-
thesized and binds in a relatively stable 
manner during the time of active cell divi-
sion and has been a highly useful tool for 
tracking cell kinetics (Tumbar et al., 2004). 
The combined results from the two label-
ing methods revealed that the previously 
defined uniform and highly stringent 
immunophenotypic stem cell pool is not 
homogeneous and has a dormant, label-
retaining cell (LRC) pool represented by 
only about 600 cells per mouse. This 
population contained the majority of the 
long-term multilineage reconstitution 
potential (Figure 1B).
If a stem cell subpopulation is deeply 
dormant and very small, what physiologic 
role can it play? The authors rightly rea-
soned that it would be unlikely to partici-
pate in homeostasis and therefore exam-
ined the dormant cells under the stress 
conditions generated by destruction of 
dividing cells. The data must be inter-
preted with caution given that only popu-
lations and not individual cells could be 
examined, but the results are consistent 
with recruitment of this population into 
cycle (though death was not excluded). 
Cleverly exposing the responding cells to 
label demonstrated the re-establishment 
of a dormant population. Therefore, dor-
mant stem cells appear to provide a resting 
reserve. Other (LSK CD150+CD48−CD34−) 
populations with more active cycling 
kinetics (and consequently non-LRC) cember 12, 2008 ©2008 Elsevier Inc. 1007
did have stem cell activity (albeit at lower 
efficiency) and may contribute more to 
the maintenance of an unchallenged 
hematopoietic system.
These data come on the heels of other 
elegant studies demonstrating hetero-
geneity within the hematopoietic stem 
cell compartment. Dykstra et al. (2007) 
have recently shown that cells of uniform 
immunophenotype have very different 
capacities to produce lineage specific 
offspring. Some individual stem cells 
have greater myeloid potential, whereas 
others have more lymphoid potential. 
Interestingly, the potential of the stem 
cells was apparently cell intrinsic as these 
propensities were retained when individ-
ual stem cells were transplanted. Others 
have shown heterogeneity in reconstitut-
ing capacity on the basis of N-cadherin 
expression (Haug et al., 2008). Are simi-
lar cell-intrinsic mechanisms guiding the 
cycling kinetics of the dormant popu-
lation that Wilson et al. have defined? 
Alternatively, might the heterogeneity 
in stem cell populations correlate with 1008 Cell 135, December 12, 2008 ©2008 Espatial localization and signals received 
from heterogenous niches? Is the het-
erogeneity in lineage potential shown 
by Dykstra et al. in any way linked to the 
heterogeneity in cycling populations now 
defined by Wilson et al.?
Finally, it must be asked whether the 
heterogeneity noted in cells enriched for 
a stem cell phenotype in the hematopoi-
etic system also exists in other adult 
stem cell populations. It is tempting to 
speculate that the dividing populations in 
the intestine that express the gene Lgr5 
(Barker et al., 2007) may represent only 
a subpopulation of stem cells. Actively 
dividing and nondividing pools within a 
stem cell population may strike the bal-
ance needed for ongoing maintenance 
and a durable reserve providing long-
term reconstitution.
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